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Fig. 3 Photograph of upconverted emission from dye and BPM simulation displaying trajectory of offset Gaussian beam launched into parabolic profile a Upconverted emission from dye Separation of fringes is 360pmf7% b BPM simulation
Simulation: A finite difference beam propagation method (BPM) [7] was used to simulate propagation along the GRIN using the experimentally measured parabolic profiie both with and without the polymer coating. The field distribution displayed in Fig. 3b was found to have a of periodicity of 361p-1, in good agreement with the periodic separation of the fringes observed in the polymer layer, Fig. 3a .
The authors present the frst report of an mduced refractive index change m germano-sllicate glass contaming no detectable levels of hydrogen. The smgle layer waveguide was deposited on a shcon wafer by hehcon activated reactive evaporation (HARE), and followmg exposure to 193nm W from an excmer laser, an absolute decrease of 0 006 rn refractive mdex was measured The dopant level of germamum is estmated to be -15% (mol)
Introduction: There is currently significant interest in inducing a change in refractive index in photosensitive silica-based materials through exposure to intense ultraviolet (w> light. This phenomenon has been demonstrated in germanium doped singlemode fibres, specifically for the direct writing of Bragg gratings into the fibre using either an interfering W beam or a phase mask [l, 21. Presaturation of the fibre in a high pressure hydrogen atmosphere for extended periods is a prerequisite, to induce a sufficiently large change in index to achieve virtually 100% reflection of the fibre fundamental mode at the Bragg wavelength from short gratings
The photosensitivity mechanism has been used in planar germanium doped layers to direct write planar waveguides [4] , and also to direct write Bragg gratings [5] . Planar layers fabricated using flame hydrolysis and annealing techniques appear to require prior saturation with hydrogen to achieve sufficient induced index change, whereas layers fabricated from low-temperature plasma enhanced chemical vapour deposition (PECVD) can achieve large induced index changes without the need for hydrogen loading [6, 1. However, these PECVD layers are deposited using a mixture of gases, including silane (SiH,) and oxygen, so that some hydrogen incorporation into the deposited material can be expected.
Here we report the W induced change in refractive index of a hydrogen free germano-silicate single layer deposited by helicon activated reactive evaporation WARE), which exhibits an induced negative index change at least comparable with values already reported.
~31.
Experimental procedure: The samples used for this study were prepared using the HARE device. The experimental setup has been described in detail elsewhere [8] . HARE is a plasma assisted reactive evaporation device that combines an evaporation source (electron beam evaporator) and a high density helicon plasma source in a configuration in which the evaporant material is transported through the plasma source. The main advantage of the HARE over other plasma assisted deposition techniques is that the deposition of silicon dioxide is achieved by combining silicon and oxygen without other contaminants, such as hydrogen which occurs when silane is used as a precursor. Thus we expect our films to be hydrogen free.
The deposition of the germanium doped silicon dioxide is performed by evaporating a melt of silicon containing 15% of germanium in an oxygen plasma. All depositions are carried out on silicon substrates (orientation <loo>, p type). The substrates are not intentionally heated, and are leff at floating potential (no bias). The limitation of this technique is the limited control over the stoichiometry of the deposited film owing to the difference in evaporation rates between the silicon and the germanium. The evaporation rates can also vary in time as the temperature and the concentration of the melt change. The concentration of germanium in the deposited film has been measured by RBS, and was found to vary linearly from -3% at the start of the deposition to -25% at the end.
The thickness of the deposited frlm is -1 . 5~. This optical structure, air-fii-silicon, can support five nominally bound modes, so that the refractive index of the f i l m can be measured accurately using the prism coupler technique at 632.8nm. The film was UV exposed using an excimer laser with average fluence of 1.74J/cm2 at a wavelength of 193nm. The GeOJSiO, sample was exposed in six places for different periods of time. (1) not exposed, (ii) exposed 58min, (iii) exposed 20min
Results: Fig. 1 shows the refractive index of the film measured along part of the wafer. Points have been measured in a path across part of the wafer such that the path crosses two of the areas that were exposed. The values of the refractive index shown are calculated from the values of the effective indices of the five modes coupled into the f h measured by the prism coupler, and assuming a step index profde. Although the profile of our film is not uniform, owing to the gradient in concentration of germanium, the standard deviation of the calculated refractive index of the film, using the 5 modes, is of the order of 0.01% for the unexposed part and 0.002% for the exposed part. Thus we believe that the perturbation caused by the nonuniformity is negligible, and the calculated value is a good approximation of the mean refractive index of the film. The difference between the mean refractive indices in the exposed and unexposed areas is apparent, with a difference for the 58min exposure (6.1 kJ/cm* fluence) of -0.005. As the sample was exposed to the full area of the beam, the nonuniformity of the beam is apparent in the profde of the refractive index change.
The concentration of germanium in the deposited film can be estimated from the measured value of the refractive index. In the simplest approach, the mean refractive index 2 of the f h is the volume fraction weighted sum
where a is the volume fraction of germanium oxide in the film.The measured value of E is 1.492, from which we deduce that a is -15%. This is confirmed by the RBS measurement, which gives an average concentration of germanium in the film of -15%. 
film using HARE, by evaporating pure silicon in an oxygen plasma. We found that after U V exposure for 100 min, the change in index was only -0.001, showing that the photosensitivity is caused by the presence of the germanium in the film.
To confirm the absence of hydrogen in the deposited f h s an Si02 f h was measured ex-situ using FTIR, and was found to have a spectrum which is close to that of the thermal oxide. In comparison with films deposited by PECVD from a mixture of silane and oxygen [9] , the ETIR spectrum of the film (deposited in HARE does not exhibit any of the absorption peaks related to hydrogen incorporation.
A negative change of refractive index following UV exposure of PECVD germano-silicate has already been reported [lo] . In that case, films were prepared from hydrogen-containing precursors, and the photosensitivity is attributed partly to the OH content of the film. In our case, a similar effect is observed although no hydrogen is present in the film. Although at this stage the physical mechanisms of index reduction are unclear, other processes can induce the same effect. It has already been reported that upon high temperature annealing [ll], or when the film is bombarded by energetic ions during deposition [12], the refradivt: index of a pure silica film can be reduced and the refractive index of germania doped silica films has been found to increase with h e r heating 1131.
DURANDET, A., and MCKENZIE, D.: 'A study of the effect of ion bombardment on the structure of PECVD silicon dioxide', to be published STARR . Increasing the lifetime under CW operation at RT has become the next target; but 11-VI semiconductors have been considered fragile owing to their bond energy being smaller than their bandgap energy, and there has been concern that 11-VI light emitters might expire catastrophically a long time before the recombination enhanced defect reaction (REDR) [2] begins to play a role. Several groups have recently reported that the failure of LDs under current injection is caused by the degradation of its active region. Dark-spots (DSs) are observed as seeds of dark line defects propagating along the < 100> direction from electroluminescence (EL) images of the active region through the transparent p-side electrode on an LD. Under transmission electron microscopy, these DSs correspond to pre-existing defects such as stacking faults and threading dislocations originating in the vicinity of the 11-VUIII-V interface [3, 41. Thus, the reduction of the dark-spot density (DSD) is a priority. One way to reduce DSD is to use ZnSe substrates for homoepitaxial growth; the other way is to still use GaAs substrates but to reduce DSD by optimising the growth conditions of the 11-VVIII-V interface [5] . In this Letter, following the latter strategy, we report an LD in which a long lifetime has been obtained owing to reduced DSD.
The epitaxial layers for the LDs are grown in a dual chamber molecular beam epitaxy (MBE) system. After growing a GaAs:Si buffer layer on an n-type GaAs (100) substrate in the 111-V chamber, the wafer is transferred to the 11-VI chamber under an ultrahigh vacuum and the growth of the 11-VI layers is initiated. The source materials are Zn, Cd, Mg, Se, ZnS and Te (all 6N). The nand p-type dopants are ZnC12, and nitrogen excited by RF plasma, respectively. Fig. 1 shows the schematic structure of the ZnCdSeiZnSSei ZnMgSSe single quantum well separate-confinement heterostructure (SCH) LD consisting of a ZnSe:C1 buffer layer, a ZnSSe:CI buffer layer, a Zn,,M&,,S,,jSe, ,:Cl cladding layer, a ZnSSe:Cl guiding layer, a Z%,,,Cd,,,,Se single quantum well, a ZnSSe:N guiding layer, a Zn, ,Ma ,S,,, ,Se, sj:N cladding layer, a ZnSSe:N layer, a ZnSe:N layer, a ZnSe:N/ZnTe:N multiquantum well and a ZnTe:N contact layer. The thickness and carrier concentration of each layer are similar to those described elsewhere [6] . To realise an LD that has no DSs in its stripe area (typically 10 x 600pn2), the DSD has to be reduced below the critical density 0, of -104m-*. By starting growth of a ZnSe layer after Zn beam exposure on an As-stabilised surface of the GaAs buffer layer, we have achieved a DSD in our LDs of <104cm-2, as discussed below. 
Fig. 2 Light output(L)-voltage( v)-current(I) charactevistics under CW operation at room temperature
The light-output(L)-voltageo-current(1) characteristics of this LD are shown in Fig. 2 . This LD is 75% facet coated on the front and 90% on the rear. The LD is mounted on a laser header, 9nxn in diameter, with the epi-side down. The threshold current under CW conditions is 32mA (threshold current density: 533Ncmz) and the threshold voltage is 11 V. The lasing wavelength is 514.7nm. We tested the reliability of this LD. Fig. 3 shows the operating current aging data under automatic power control set at a light output power of 1mW. The lifetime of the LD at an ambient temperature of 20"C, whose L-I and V-I characteristics before aging are shown in Fig. 2, is 101 .5h. This is the longest lifetime so far reported for any 11-VI LD under CW operation at RT.
